Isolated tungsten nanoparticles (α-W and β-W phase) were synthesized and epitaxially grown on alumina and spinel particle surfaces with an average tungsten size of 20 nm for a low tungsten content (of 1.5 vol%). Using tungsten (VI) ethoxide alcoholic solutions, tungsten trioxide hydrated precursors were attached to a ceramic grains surface as a nanoparticle coating. High-resolution transmission electron microscopy (HRTEM) micrographs showed epitaxial interfaces between alumina, spinel and metallic tungsten. This epitaxial growth is assumed to be due to the effect of water vapour on the sublimation of ortho-tungstic acid during the reduction process in a hydrogen atmosphere. The planes involved in the epitaxy were found to be (220) 
Introduction
Metal nanoparticles are of great interest due to their potential for newly developed applications in a wide variety of fields. However, nanoparticles lose their specific properties on growing or by mutual physical contact when they combine to form aggregates [1, 2] . This is an important drawback that can be solved by assembling the nanoparticles into well-defined superlattices [3] . Another option is to support or to embed the nanoparticles in microparticles. This can be achieved by exploiting the properties of ceramics and using them as matrices. Indeed, the dispersion of metallic nanoparticles into ceramic matrices is one of the most promising challenges facing materials science today [4] .
Tungsten (W) is a metal that possesses exceptional intrinsic properties: an extremely high melting point (3422
• C), high hardness (H V = 3.43 GPa), and the lowest thermal expansion coefficient of all metals (4.5 × 10 −6 K −1 ); it also has one of the lowest vapour pressures.
Alumina and spinel are well-known refractory ceramic oxides (with melting points >2000
• C) that exhibit a high chemical stability, corrosion resistance and hardness (H V > 15 GPa). On the other hand, it is well known that metallic materials, on the nanometre scale, present a less ductile behaviour than the same materials of micrometre size [5] . Tungsten has a very high G value (shear modulus) and therefore, taking into account the linear dependence between G and H V , the hardness in tungsten nanoparticles can be expected to increase up to 30 GPa. If we also take into consideration the high H V values of alumina and spinel matrices, this may result in a ceramic-metal nanostructured powder with a hardness value higher than the one corresponding to microparticulate composite materials [6, 7] . Thus these kinds of ceramic-metal nanostructured powder systems are suitable for applications in the abrasive field.
Different preparation routes for ceramic-metal nanocomposite powders can be found in the literature [8] [9] [10] [11] . Thinfilm deposition methods produce monodisperse nanoparticles but generally only small amounts of sample. Successful large 0957-4484/08/215605+05$30.00 © 2008 IOP Publishing Ltd Printed in the UK
